The Relationship Between Strength and Power Measures With Sprint Freestyle Performance in Division 1 Collegiate Swimmers by Kao, Sean (Author) et al.
 The Relationship Between Strength and Power Measures with Sprint Freestyle  
 
Performance in Division 1 Collegiate Swimmers.  
 
by 
 
Sean Kao 
 
 
 
 
 
A Thesis Presented in Partial Fulfillment  
of the Requirements for the Degree  
Master of Science 
 
 
 
 
 
 
 
 
Approved June 2018 by the  
Graduate Supervisory Committee: 
 
Barbara Ainsworth, Chair 
Joseph Marsit 
Jesse Vezina  
 
 
 
 
 
 
 
 
 
 
ARIZONA STATE UNIVERSITY 
 
August 2018
 i
ABSTRACT 
The purpose of this study was to investigate the relationship between strength and 
power measures with sprint freestyle performance in Division 1 collegiate swimmers. 
Ten male subjects with an average age of 20.1 years (SD = 2.2) and eight female subjects 
with an average age of 19.4 years (SD = 1.3) participated in the study. The subjects 
performed a maximal-effort 45.72-meter freestyle swim test, a one-repetition-maximum 
(1-RM) weighted pull-up test, a non-countermovement jump (NCMJ), and a barbell back 
squat velocity test. The data distributions were normalized by creating Z-scores for each 
variable measured and the sum of the three-dryland tests The data were analyzed using 
Pearson product-moment correlation analysis. The results showed an inverse association 
between the sum of the three-dryland performance Z-scores and the 45.72-meter sprint 
swim time (r = -0.77, p < 0.05) in male subjects. The results showed an inverse 
association between the sum of the three-dryland performance Z-scores, the relative pull-
up Z-scores, the back squat velocity Z-scores, and the NCMJ height Z-scores with the 
45.72-meter sprint swim time (r = -0.86, r = -0.66, r = -0.67, r = -0.75; p < 0.05) in 
female subjects. The findings of this study show the importance of possessing both 
strength and power characteristics on land for successful sprint swimming performance.  
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Chapter 1 
INTRODUCTION 
Overview 
Dryland training is a modality of training completed on land and implemented by 
most swim coaches and athletes. Some ambiguity exists behind the relationship between 
different dryland training modalities and swimming performance. A systematic review of 
strength training and swimming performance concludes, “low-volume, high-
velocity/force resistance training programs are optimal” for transfer to swimming 
performance (Crowley, Harrison, & Lyons, 2017). However, the authors did not identify 
specific exercises to improve performance.  
 Several studies have investigated the relationship between sprint swimming 
performances and squat-jump bar velocity (García-Ramos et al., 2016), pull-up (Pérez-
Olea, Valenzuela, Aponte & Izquierdo, 2017) and jumping performances (García-Ramos 
et al., 2016), but none have studied the combined association of the three-dryland tests 
and a 50-yard freestyle swim performance. Further, no study has tested a one-repetition-
maximum (1-RM) weighted pull-up and back squat barbell velocity on sprint swimming 
performance in Division 1 collegiate swimmers.  
There has been an increase in the popularity of using barbell velocity tracking for 
improving sports performance, but little-to-no evidence has shown its efficacy in 
swimmers. García-Ramos et al. (2016) investigated the relationship between barbell 
velocity during a squat jump on a Smith machine with 25-, 50-, 75-, and 100% of body 
weight (BW) and swimming start performances at 5-, 10-, and 15-meters in 20 
international-level female swimmers. The authors found an inverse relationship between 
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bar velocity during a squat-jump and swimming start performance. No studies have 
investigated the relationship between concentric back squat barbell velocity and sprint 
swimming performance. In the same study, the authors investigated the relationship 
between freestyle swimming start performance and the parameters (e.g., peak force and 
peak power) of a countermovement jump (CMJ) and non-countermovement jump 
(NCMJ), but did not investigate the height of the jumps. The study found significant 
relationships between parameters (i.e., relative peak power and take-off velocity) of the 
CMJ with 5-meter and 10-meter freestyle swimming start performance, but not with the 
15-meter swimming start performance. There were significant relationships between 
parameters (i.e., relative peak power and take-off velocity) of the NCMJ and 5-meter 
swimming start performance, but not with the 10-meter and 15-meter swimming start 
performances.  
While there is evidence supporting the efficacy of improving the parameters of a 
NCMJ to improve 5-meter swimming start times, there is a lack of evidence to support 
the efficacy of improving NCMJ height to improve swimming start performance in 
Division 1 collegiate swimmers. As of 2018, there are no studies published that 
investigate the relationship between 1-RM weighted pull-up and sprint swimming 
performance. With a similar exercise, Pérez-et al. (2017), investigated the relationship 
between the parameters of one maximum effort BW pull-up (PU) with 50-meter freestyle 
swimming performance. The parameters of the PU included pull-up mean velocity (PUV), 
pull-up absolute power (PUAP), pull-up relative power (PURP), pull-up relative force 
(PURF), pull-up absolute force (PUAF), pull-up peak velocity (PUPV), and time to reach 
peak velocity (PUTPV). The authors also investigated several parameters of pull-ups 
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until failure (PUF). The parameters of PUF included number of pull-ups correctly 
performed (PUFR), mean velocity (PUFV), and mean velocity loss during the first and 
second half of the test (PUFVL). The study found significant relationships between these 
exercises and 50-meter freestyle times. While there is evidence supporting the efficacy of 
increasing the velocity of a single pull-up and velocity of pull-ups until failure to improve 
sprint swimming performance, there is a lack of evidence to support the efficacy in 
increasing a swimmer’s 1-RM weighted pull-up to improve sprint swimming 
performance.  
Purpose of Study  
The purpose of this study was to investigate the relationship between strength and 
power measures with sprint freestyle performance in Division 1 collegiate swimmers.  
Research Aim  
The aim of this study was to contribute to the literature by enhancing the current 
knowledge of dryland strength training for swimmers. The results of the study may help 
coaches and athletes make educated decisions about the efficacy of their dryland training 
programs.  
Hypothesis  
The first hypothesis stated that there will be an inverse association between the 
dryland test score and the 50-yard sprint swim time. The second hypothesis stated that 
there will be an inverse association between the sum of the three-dryland performance Z-
scores and the 50-yard sprint swim time. The third hypothesis stated that the associations 
between dryland test scores and the 50-yard sprint swim time will be stronger in women 
than in men.  
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Definition of Terms  
 Akimbo: A position where the individual’s places their hands on their hips with 
the elbows in a flexed position.  
 Barbell back squat: An exercise performed with a barbell placed across the 
trapezius muscles. The individual begins in a standing position and then flexes their 
knees and hips to descend to a predetermined depth. Upon reaching the predetermined 
depth, the individual then extends their knees and hips to return to the standing position.  
Countermovement Jump (CMJ). An exercise where an individual begins in a 
standing position and quickly flexes their hips and knees to a self-selected depth. Upon 
reaching the self-selected depth, the individual immediately extends their knees and hips 
and plantar flexes their ankles to jump off the ground. The movement is complete when 
the individual comes back down to the ground with their feet.  
Dryland: Any modality of exercise performed on land.  
Freestyle: One of the four stroke disciplines in the sport of competitive swimming. 
The stroke discipline allows individuals to swim in any style. The most common style 
used is the front crawl.  
Non-countermovement Jump (NCMJ). An exercise where an individual begins in 
a standing position and flexes their hips and knees to descend to a self-selected depth. 
Upon reaching the self-selected depth, the individual pauses in the squat position for a 
predetermined amount of time. After the predetermined amount of time has expired, the 
individual immediately extends their knees and hips and plantar flexes their ankles to 
jump off the ground. The movement is complete when the individual comes back down 
to the ground with their feet.  
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Pull-up: An exercise where an individual begins by hanging with their hands from 
a bar that is parallel to the floor. The movement starts with the individual’s elbows in 
complete extension. The individuals complete the movement by pulling themselves 
upward, until their chin reaches above the bar.  
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Chapter 2  
REVIEW OF LITERATURE 
Overview 
 This chapter describes the sport of competitive swimming, the positive and 
negative studies conducted on strength training and competitive swimming, and 
correlates of successful performance in competitive swimming.  
The Sport of Competitive Swimming 
Competitive swimming has been an Olympic sport since the 1896 Athens 
Olympic Games. The Athens Olympic swim program consisted of four events for men 
only including the 100-meter freestyle, 500-meter freestyle, and 1200-meter freestyle. 
The program also included a 100-meter freestyle for Greek sailors only. The 1908 
Olympic Games debuted the use of a swimming pool instead of rivers and lakes. In the 
1912 Olympic Games, electronic timing in swimming pools was used to time the swim 
events (Daland, 2009). Today, the sport of competitive swimming has grown to become 
one of the most popular Olympic sports.  
Swimming takes place in a body of water with swimmers competing in lakes, 
oceans, seas, and swimming pools. The length of the swimming pool used for 
competition and swim training varies between countries and times of the year. Pool 
lengths for competitive swimming include 25-yard (short course), 25-meter (short 
course), and 50-meter distances (long course). Competitive swimming consists of five 
different stroke disciplines including the butterfly, backstroke, breaststroke, freestyle, and 
individual medley. For the butterfly, backstroke, and breaststroke, competitive distances 
include the 50-, 100-, and 200-meter and yard distance races. The individual medley 
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requires a swimmer to swim the butterfly, backstroke, breaststroke, and freestyle in 
consecutive order. Competitive distances for the individual medley include the 200- and 
400-meter races. The freestyle races include the 50-, 100-, 200-, 400-, 800-, and 1500-
meter distances. The United States is the only country that implements the 25-yard pool, 
as well as the 25-meter and 50-meter distances for competition.  
 Major international swimming competitions include the Short Course World 
Championships, the Long Course World Championships, and the Olympic Games. The 
Short and Long Course World Championships take place separately every two years and 
the Olympic Games takes place every four years.  
 Collegiate swimming in the United States takes place nationally, most notably, in 
the National Collegiate Athletic Association (NCAA). According to the NCAA 
(“Estimated Probability”, 2017), 12,356 female and 9,455 male swimmers participated in 
the 2015-2016 season. The NCAA places college and university swim programs into 
three divisions. The three divisions have conferences consisting of five-to twelve 
universities per conference. The collegiate swim season begins in September and 
concludes in March. Universities and colleges typically finish their swim season with a 
Conference Championship. Swimmers and their respective teams who swim qualifying 
times, are eligible to compete at the National Championships typically held in March.  
Positive Studies in Strength Training and Competitive Swimming 
Five studies have used randomized controlled trials to investigate the effects of 
dryland strength training on swimming performance. Strass (1986) investigated the 
effects of a 6-week dryland training protocol on 25- and 50-meter freestyle performance 
in 10 male competitive swimmers with an average age of 16.6 years (SD = 1.2). The 
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author did not indicate if the subjects were randomly assigned to a group. The 
intervention group performed their swim training program and trained arm extensor 
muscles using approximately 90% to 100% of their 1-RM and their arm flexor and trunk 
muscles for four sessions a week (training intensities not reported). The control group 
performed their swim training program only. The intervention and control groups 
performed the same swim training program. The independent variable was a six-week 
strength training program. The dependent variables were a 25- and 50-meter freestyle 
swimming performances. The author did not specify their method of data analysis. The 
intervention group improved their 50-meter freestyle mean speed by 2.1 ± 0.4% (p < 
0.001). The control group showed no significant improvements their swimming speed (p 
> 0.05). The author concluded that the subjects’ neuromuscular adaptations to produce 
maximal explosive force might have been responsible for the improvements in sprint 
swimming performance.   
Girold et al. (2007) used a randomized controlled trial to investigate the effects of 
a 12-week dryland training program on 50-meter freestyle swimming performance in 21 
regional to national level swimmers with an average age of 16.5 years (SD = 3.5). The 
intervention group performed their swim training program and performed dryland 
training that exercised the upper limbs, core, and lower limbs at 80% to 90% of their 
maximal load twice a week for 45 minutes each. The control group performed a 90-
minute aerobic cycling session twice a week. The independent variable was a 12-week 
dryland training program. The dependent variable was a 50-meter freestyle swimming 
performance. The intervention and control group performed the same swim training 
program. The study analyzed the data using a two-way repeated-measures ANOVA. The 
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results showed a 2.8 ± 2.5% (p < 0.05) improvement in 50-meter freestyle swimming 
performance in the intervention group. The control group showed no significant 
improvements in swimming performance (p > 0.05). The authors concluded that 
combining strength training and swim training is more efficient at improving 50-meter 
freestyle performance than swim training alone. 
 In another study, Girold et al. (2012) used a randomized controlled trial to 
investigate the effects of a four-week high-intensity dryland training program on 50-
meter freestyle swimming performance in national-level swimmers with an average age 
of 21.8 years (SD = 3.9). The intervention group performed their swim training program 
and trained the pull-up and draw exercise for a maximum of three sets of six repetitions, 
three sessions a week. The control group performed their swim training program only. 
The intervention and control groups performed the same swim training program. The 
independent variable was a four-week high-intensity dryland training program. The 
dependent variable was a 50-meter freestyle swimming performance. The study analyzed 
the data using a two-way repeated-measures ANOVA. The results showed a 2.0 ± 1.3% 
(p < 0.05) improvement in 50-meter freestyle swimming performance in the intervention 
group. The control group showed no significant improvements in swimming performance 
(p > 0.05). The authors concluded that strength training increased muscle strength and 
swimming stroke length and therefore, implementing strength training into swim training 
is more efficient for improving 50-meter freestyle performance than swim training alone.  
Aspenes et al. (2009) investigated the effects of an 11-week combined strength 
and endurance-training program on 50-, 100-, and 400-meter freestyle swimming 
performance in 26 subjects older than the age of 14 years. The authors did not indicate if 
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the subjects were randomly assigned to a group. The intervention group performed 
strength training to train the upper body musculature and endurance freestyle training in 
the pool consisting of a 4 x 4 minute high-intensity interval-training program. The control 
group performed their swim training program only. The independent variable was an 11-
week combined strength and endurance-training program. The dependent variable was a 
50-, 100-, and 400-meter freestyle swimming performances. The study analyzed the data 
between and within groups with a Mann-Whitney U test and a Wilcoxon matched-pairs 
signed-ranks test. The study analyzed the correlations with a Spearman rank-difference 
correlation. The intervention group significantly improved their 400-meter freestyle 
swimming performance (p < 0.05), but not in the 50- and 100-meter freestyle swimming 
performance (p > 0.05). The control group showed no significant improvements in 
swimming performance (p > 0.05). While the study observed improvements in 400-meter 
swimming performance in the intervention group, the swimming training program 
between groups were not controlled. Therefore, the effect of strength and endurance 
training on swimming performance is unclear in this study. The authors concluded that 
strength training may be important to improve middle-distance swimming.  
Trappe and Pearson (1994) used a quasi-randomized trial to investigate the effects 
of a six-week weight-assisted dryland strength-training program (WAT) versus a free-
weight training program (NWAT) on 22.9- and 365.8-meter swimming performances in 
ten male collegiate swimmers with an average age of 20.1 years (SD = 1.2). The WAT 
group performed dips and pull-ups on a weight-assisted device twice a week for six 
weeks, while the NWAT group performed latissimus pull-downs, leg extensions and 
curls on a machine, dumbbell elbow extensions and curls, and bent arm horizontal 
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adductions twice a week for six weeks. The independent variables were a six-week WAT 
and NWAT program. The dependent variables were a 22.9-meter freestyle and 365.8-
meter freestyle swim test performed at the fourth and twelfth week of the study. The 
results showed a significant improvement in the 22.9-meter freestyle time from week 
zero to week twelve in the WAT group only (p < 0.05). Both groups showed a significant 
improvement in the 365.8-meter freestyle swim time from week four to week twelve (p < 
0.05).  The study observed no differences between groups in the 22.9-meter or 365.8-
meter swim tests (p > 0.05). While improvements in swimming performances were 
observed for both groups, the potential effects of strength training on swimming 
performance is not clear as the strength training program was conducted from weeks one 
to six and swim tests were conducted during weeks four and twelve. The authors 
concluded a weight-assisted dryland strength-training program does not provide an 
obvious advantage over a traditional free-weight training program. 
In summary, Strass (1986), Girold et al. (2007), Girold et al. (2012), and Aspenes 
et al. (2009) reported improvements in their respective strength measurements following 
the intervention and concluded improvements in swimming performance may be related 
to the improvements in strength. 
Two studies presented results of systematic reviews of the association between 
weight training and swimming performance. Aspenes and Karlsen (2012) conducted a 
systematic review of exercise-training intervention studies in competitive swimming. The 
review included five publications that studied the effects of dryland strength training on 
swimming performance. The review included intervention studies with- and without 
control groups. The researchers did not limit the search to randomized controlled trials 
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due to the limited amount of randomized controlled trials in the literature. The systematic 
review found strength training of three sets of six repetition maximums in relevant 
muscle groups to have a large effect size on 50-meter freestyle performance (d = 1.05). 
The review concluded that heavy strength training (one- to five repetition maximums) 
might improve swimming performance. However further randomized controlled trials are 
necessary to study the effects of strength training on swimming performance. 
Crowley, et al., (2017) conducted a systematic review of exercise-training 
intervention studies in competitive swimming. The review included ten publications that 
studied the effects of traditional weight training using exercises, such as latissimus pull-
down, bench press, pull-ups, squats, and other exercises on swimming performance. The 
authors concluded that performing strength training modalities requiring high force and 
velocity with low training volumes transfers optimally to  improving swimming 
performance. The authors also concluded that further research is necessary to investigate 
the effects of long-term strength training on swimming performance. Based on the 
results, the authors hypothesized that the lower training volumes and higher intensities 
accumulate less neuromuscular fatigue and greater strength and neuromuscular 
improvements.  
In summary, the systematic reviews highlighted the potential importance of 
performing strength training with heavy loads, but further research is necessary to 
provide coaches and athletes with optimal training guidelines.  
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Negative Studies in Strength Training and Competitive Swimming 
This section reviews two controlled trials on strength training interventions that 
have no effect on swimming performance.  
Tanaka et al. (1993) used a quasi-randomized trial to investigate the effects of an 
eight-week dryland training program on 22.9- and 365.8-meter swim performances in 12 
Division 1 collegiate swimmers with an average age of 17 years (SD = 0.32). The 
intervention group performed their swim training program and performed dryland 
training three days a week, using the triceps dip, chin-up, latissimus pull-down, elbow 
extensions, and bent arm horizontal adduction exercises for three sets of 8-12 repetitions. 
The control group performed their swim training program only. The independent variable 
was an 8-week dryland training program. The dependent variables were 22.9- and 365.9-
meter swimming performances. The data were analyzed with a two-way ANOVA with 
repeated measures. The results showed no significant changes in 22.9-meter and 365.8-
meter swim times (p > 0.05). The authors concluded that the strength training program 
had no effect on swimming performance in this sample despite the increase in strength 
observed in the intervention group. The authors suggested that the results were due to the 
lack of transfer between strength and swimming performance may be a result of the 
strength training program not being specific to the complex mechanics of swimming.  
Manning et al. (1986) used a single case experimental design to investigate the 
effects of a nine-week dryland training circuit program on 45.72-, 91.44-, and 182.88-
meter freestyle swimming performances in seven male swimmers with an average age of 
16.5 years (SD = 0.81). The dryland training focused on upper-body, lower-body, and 
core exercises. The subjects performed the exercises in their circuits at 30-50% of their 1-
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RM with maximum velocity for one minute to mimic the duration of their swim races. 
The study did not include a control group. The independent variable was a nine-week 
dryland training circuit program. The dependent variables were a 45.72-, 91.44-, and 
182.88-meter freestyle swimming performance. The study found no significant 
improvements in 45.72-, 91.44-, and 182.88-meter swimming times (p > 0.05). While the 
pre and post values of the swimming performance results were not statistically 
significant, the study observed average improvements of -0.75 seconds, -2.38 seconds, 
and -5.70 seconds in the 45.72-, 91.44-, and 182.88-meter swimming performances 
respectively. Therefore, the authors concluded that a high-velocity dryland circuit 
program might be effective in improving swimming performance.  
In summary, the lack of an improvement in swimming performance following 
strength training as observed by Tanaka et al. (1993) and Manning et al. (1986) may be 
due the high volume of dryland training. The authors speculated that the strength training 
could contribute to an increase in muscle-mass, therefore increasing drag and decreasing 
the BW to force output ratio (Crowley, et al., 2017). Additionally, the high volume of 
dryland training may have caused an increase in fatigue in the subjects, therefore 
inhibiting the recovery necessary for improved swimming performance (Crowley, et al., 
2017). The lack of improvement in swimming performance following strength training 
interventions highlights the importance of the specificity of strength training and the 
potential negative effects of strength training on swimming performance. 
Correlates of Successful Performance in Competitive Swimming 
 Eleven studies have reported an association between physical performance 
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measures such as jump height, leg strength, and upper-body strength performed on land 
with successful swimming performance.  
 In 2011, West, Owen, Cunningham, Cook, & Kilduff used a correlational study 
design to evaluate strength and power tests on the 15-meter swim performance in 11 male 
British international-level sprint swimmers with an average age of 21.3 years (SD = 1.7). 
The strength and power tests included were a three-repetition maximum (3-RM) squat 
and the CMJ. The study estimated the subjects’ 1-RM squat using the subjects’ 3-RM 
squat test. The CMJ measured the subjects’ jump height, peak power, relative power, and 
rate of force development (RFD). The swim test consisted of a 15-meter swim test where 
subjects maximally swam a “distance further than 15-meters”. A video camera placed 
perpendicular to the subject’s body measured the swim time to 15-meters. Portable force 
plates attached to the starting blocks measured the subjects’ peak vertical force (PVF) 
and peak horizontal force (PHF). The study analyzed the data using Pearson’s product 
moment correlation. The results showed significant relationships between the 1-RM squat 
strength, jump height, peak power, and relative power (r = -0.74, r = -0.69, r = -0.85, r = 
-0.66; p < 0.05, respectively) and swim time to 15-meters. The 1-RM squat strength was 
also correlated to jump height (r = 0.69), power (r = 0.78), PVF (r = 0.62), PHF (r = 
0.71) (p < 0.05). There was no relationship between RFD and sprint swimming time to 
15-meters (r = -0.56, p > 0.05). The authors concluded that lower body strength and 
power is an important factor for improving swimming time to 15-meters in international-
level sprint swimmers.  
García-Ramos et al. (2016) used a correlational study design to investigate the 
relationship between the CMJ, NCMJ, squat jump with additional weights, and maximum 
16 
 
voluntary isometric contractions (MVIC) during leg flexion and extension with 5-, 10-, 
and 15-meter swimming start performances in 20 female international-level swimmers 
with an average age of 15.3 years (SD = 1.6). The study measured variables of the 
NCMJ, CMJ, and NCMJs with additional weights including peak force, peak relative 
force, peak power, peak relative power, take-off velocity, and peak velocity. The subjects 
performed NCMJs on a Smith machine with additional resistance equivalent to 25-, 50-, 
75-, and 100% of their BW. The study analyzed the data using Pearson’s linear 
correlation coefficients. Correlations were highest between the bar velocity during the 
NCMJ with additional weight and sprint swimming times. The correlation coefficients 
ranged from large to very large in the four relative loads and 5-, 10-, and 15- meter 
distances (r = -0.57 to -0.66 at 25% BW; r = -0.57 to -0.72 at 50% BW; r = -0.59 to -0.68 
at 75% BW; r = -0.50 to -0.64 at 100% BW, p < 0.05). The relative peak power during 
the CMJ showed a significant relationship with 5-meter and 10-meter swimming start 
performance (r = -0.61, p < 0.01; r = -0.55, p < 0.05, respectively). The take-off velocity 
during the CMJ showed a significant relationship with the 5-meter and 10-meter 
swimming start performance (r = -0.62, p < 0.01; r = -0.549, p < 0.05, respectively). The 
relative peak power and take-off velocity during the NCMJ showed a significant 
relationship with the 5-meter swimming start performance only (r = -0.57, p < 0.01; r = -
0.56, p < 0.05, respectively). The MVIC during leg flexion and extension did not show a 
significant relationship with the swimming start performance (p > 0.05). The authors 
concluded that peak velocity reached during a squat jump with external load is a good 
predictor of the swimming start performance in female international-level swimmers.  
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Gola, Urbanik, Iwańska, and Madej (2014) used a correlational study design to 
investigate the relationship between upper and lower extremity strength with 25-meter 
and 50-meter front crawl swim times. The subjects were 16 physical education university 
students with a mean competitive swimming career of two years with an average age of 
23.0 years (SD = 1.2). The strength tests included measurement of torque produced 
during an isometric contraction in four upper body and four lower body movements. The 
study analyzed the data using correlation analysis. The results showed a significant 
relationship between the relative sum of the upper body muscle torque values and 
swimming velocity in the 25-meter and 50-meter distances (r = 0.60, p = 0.01; r = 0.54, p 
= 0.02, respectively). When upper body and lower body muscle groups were evaluated 
individually, a significant relationship was found between the relative sum of elbow 
flexor muscle torque values and swimming velocity in the 25-meter and 50-meter 
distances (r = 0.52, p = 0.04; r = 0.49, p = 0.05, respectively). The relative sum of 
shoulder extensor muscle torque values had a significant relationship with 25-meter 
swimming velocity (r = 0.58, p = 0.02). There were no significant relationships between 
swimming velocity and muscle torque values in the lower body, shoulder flexor, and 
elbow extensor muscle groups (p > 0.05). The authors concluded that swimmers should 
train the elbow flexor and shoulder extensor muscle groups to generate a propulsive force 
during the front crawl-swimming stroke.  
Keiner et al. (2015) used a correlational study design to investigate the 
relationship between maximal strength performance of upper and lower extremities and 
trunk muscles with swim sprint performances in 21 regional level swimmers with an 
average age of 17.5 years (SD = 2.0). The subjects performed the swim testing in an 
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indoor 25-meter pool. The strength and power tests included a 1-RM back squat, 1-RM 
deadlift, 1-RM bent over row, 1-RM bench press, 1-RM sit-up, CMJ, and a NCMJ. The 
swim tests included three different strokes including the freestyle, breaststroke, and 
backstroke. The freestyle testing included a 15-, 25-, 50-, and 100-meter freestyle. The 
breaststroke testing included a 15-meter breaststroke with arms only, 25-meter 
breaststroke kick only, a 25-meter breaststroke with arms only, and a 50- and 100-meter 
breaststroke. The backstroke test included a 50- and 100-meter backstroke. The study 
analyzed the data using Pearson’s correlation analysis. The 1-RM back squat showed a 
significant relationship with all 11 swim tests (r = -0.33 to r = -0.76, p < 0.05). The 
NCMJ showed a significant relationship with all 11 swim tests (r = -0.36 to r = -0.94, p < 
0.05). The CMJ showed a significant relationship with all 11 swim tests (r = -0.37 to r = -
0.92, p < 0.05). The 1-RM bench press showed a significant relationship with all 11 swim 
tests (r = -0.37 to r = -0.85, p < 0.05). The 1-RM bent-over row showed a significant 
relationship with all 11 swim tests (r = -0.39 to r = -0.86, p < 0.05). The 1-RM deadlift 
showed a significant relationship with all swim tests except the 100-meter backstroke test 
(r = -0.51 to r = -0.68, p < 0.05). The 1-RM sit-up showed a significant relationship with 
all swim tests except the 25-meter freestyle and 100-meter backstroke tests (r = -0.26 to r 
= -0.51, p < 0.05). The authors concluded that maximal strength in the upper and lower 
extremities and maximal trunk strength are good predictors for sprint swimming in 
adolescent swimmers in different strokes and distances.  
Pérez-Olea et al. (2017) used a correlational study design to investigate the 
validity of the CMJ and the pull-up exercise as a predictor of swimming performance in 
young male swimmers with an average age of 19.0 years (SD = 3.0). The dryland tests 
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included one BW pull-up with maximal speed during the concentric phase (PU), maximal 
number of pull-ups until failure (PUF), a CMJ, and the mean height of 30 consecutive 
CMJs (CMJMH). The study investigated parameters of PU including pull-up mean 
velocity (PUV), pull-up absolute power (PUAP), pull-up relative power (PURP), pull-up 
relative force (PURF), pull-up absolute force (PUAF), pull-up peak velocity (PUPV), and 
time to reach peak velocity (PUTPV). The study investigated parameters of PUF 
including number of pull-ups correctly performed (PUFR), mean velocity (PUFV), and 
mean velocity loss during the first and second half of the test (PUFVL). The study 
defined parameters of the CMJMH as a relative loss in jump height between the first 15 
and last 15 jumps (CMJHL). The swim test consisted of a 50-meter freestyle from the 
starting blocks. The subjects performed the swim test in a 50-meter swimming pool. The 
study analyzed the data using Pearson product-moment correlation coefficients. For the 
PU parameters, PUV, PUAP, PURP, and PURF had significant relationships with 50-
meter freestyle times (r = -0.80, r = -0.76, r = -0.80, r = -0.77; p < 0.05 respectively). The 
results showed no significant relationship between PUAF, PUPV, and PUTPV and 50-
meter freestyle time (p > 0.05). For the PUF parameters, PUFV and PUFVL had 
significant relationships with 50-meter freestyle times (r = -0.88, r = 0.64; p < 0.05 
respectively). The results showed no significant relationship between PUFR and 50-meter 
freestyle time (p > 0.05). The results showed no significant relationships between the 
CMJ tests and 50-meter freestyle (p > 0.05). The authors concluded that only the 
parameters of a single maximal effort pull-up is a good predictor in sprint swimming 
performance. 
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Garrido et al. (2010) used a correlational study design to investigate the effects of 
leg strength and lower body power on swimming performance in 28 young national level 
swimmers with an average age of 12.0 years (SD = 0.56). The leg strength test consisted 
of a six repetition maximum (6-RM) leg extension test. The lower body power test 
consisted of a CMJ test. The swim test consisted of a 25- and 50-meter maximal effort 
swim in an indoor 25-meter pool. The 25- and 50-meter swim tests used an in-water start. 
The study analyzed the data using Spearman correlation rank coefficients. The results 
showed a significant relationship between the 6-RM leg extension test and 25- and 50-
meter swim test (⍴ = -0.69, p < 0.001; ⍴ = -0.62, p < 0.01, respectively). There were no 
significant relationships between the CMJ test and 25- and 50-meter swim tests (p > 
0.05). The authors concluded that dryland strength is moderately associated to sprint 
swimming performance in young national-level swimmers.  
Cronin et al. (2007) used a correlational study design to investigate the 
relationship between three jump tests and tumble-turn velocity in 67 elite male swimmers 
with an average age of 17.4 years (SD = 0.5). The three jump tests included a NCMJ on a 
modified Smith machine with loads of 20 kilograms (SJ20) and 30 kilograms (SJ30), a 
countermovement jump with arms akimbo (JHt), and a vertical jump with the use of the 
arms (VJ). The measures investigated for the jump tests were power in watts and velocity 
at take-off (VATO) for NCMJ, and jump height for the JHt and VJ. The tumble-turn 
velocity test consisted of subjects swimming 15-meters into the wall, tumble-turning, and 
swimming 15-meters in the opposite direction. The measures investigated for the tumble-
turn were swimming velocity between two and four meters (V2-4), four and six meters 
(V4-6), six and eight meters (V6-8), and eight and ten meters (V8-10). The study 
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analyzed the data using Pearson correlation coefficients. The results showed significant 
relationships between SJ20, SJ30, JHt, VJ, and VATO (r = 0.29, p = 0.01; r = 0.36, p = 
0.00; r = 0.40, p = 0.00; r = 0.33, p = 0.00; r = 0.38, p = 0.00, respectively) with V2-4. 
The results showed significant relationships between SJ20, SJ30, JHt, VJ, and VATO (r 
= 0.27, p = 0.02; r = 0.27, p = 0.03; r = 0.27, p = 0.02; r = 0.33, p = 0.00; r = 0.26, p = 
0.03, respectively) with V4-6. The results showed no significant relationships between 
SJ20, SJ30, JHt, VJ, and VATO with tumble-turn velocity at V6-8 and V8-10 (p > 0.05). 
Due to the low-to-moderate correlations, the authors concluded that jumping exercise 
may improve propulsive forces in the lower body, but training other parameters such as 
drag reduction and supine jump training in the horizontal plane using an apparatus may 
provide greater improvements and transfer to swimming turn performance.  
García-Ramos et al. (2015) investigated the relationship between NCMJ height on 
a Smith machine and swimming start performance in 15 male swimmers from the 
Spanish junior national team with an average age of 17.1 years (SD = 0.8). The study 
implemented a repeated-measures design and the subjects performed the swim and 
dryland tests before and after a 17-day-high-altitude-training-camp. The subjects 
completed their normal swim training programs prescribed by their coaches and 
performed 10 dryland sessions (4 circuit-style training and 6 strength-power training). 
For lower-limb training, the subjects performed the half-squat (3-4 sets of 6-8 repetitions 
with 70-90% of BW) with maximal concentric speed and the lunge (3-4 sets of 6-12 
repetitions with 30% of BW) with moderate concentric speed. The swimming start 
performance test consisted of subjects performing a swimming start from the starting 
blocks and performing only underwater undulatory kicking to a “distance further than 15-
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meters”. An underwater camera recorded the time to 5-, 10-, and 15-meters. The dryland 
test consisted of subjects performing NCMJs on a Smith machine with loads equivalent 
to 0%, 25%, 50%, 75%, and 100%. The study analyzed the swimming start performances 
using a two-way repeated-measures ANOVA. The study analyzed the relationship 
between the changes in NCMJ height and swimming start performance using Pearson’s 
product-moment correlation. The two-way repeated-measures ANOVA conducted on 
swimming start performance revealed significant main effects for test (F [1, 14] = 19.9, p 
< 0.001, 2p= 0.587) and distance (F [1.1, 15.1] = 2800.5, p < 0.001, 2p = 0.995). The 
interaction between test and distance was also significant (F [1.3, 17.9] = 11.2, p = 0.001, 
2p = 0.444). The percent change in in CMJH at 0% and 50% of BW showed a significant 
relationship with percent change in swimming performance time to 5-meters (r = -0.53 
and r = -0.59, respectively). The percent change in CMJH at 0-, 75-, and 100% of BW 
showed a significant relationship with percent change in swimming performance time to 
10-meters (r = -0.55, p ≤ 0.05; r = -0.67, and r = -0.63, p < 0.01, respectively). The 
percent change in CMJH at 100% of BW showed a significant relationship with percent 
change in swimming performance time to 15-meters (r = -0.57, p ≤ 0.05). The authors 
concluded that a 2-week altitude training camp may enhance vertical jump height and 
swimming start ability and that swimmers with a higher unloaded and loaded vertical 
jump height will have a better start performance.  
Morouço et al. (2011) used a correlational study design to investigate the 
relationship between dryland strength and power measures with swimming performance 
in ten male national level swimmers with an average age of 14.9 years (SD = 0.74). The 
dryland tests included a CMJ, bench press, squat, and latissimus pull-down. The study 
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estimated maximal height in meters and work in joules for the CMJ. The subjects 
incrementally increased their weight for the bench press, squat, and latissimus pull-down 
until their mean propulsive velocity (MPV) got lower than 0.6 m.s-1, 0.9 m.s-1, and 0.6 
m.s-1, respectively. The study calculated maximum propulsive power for the bench press, 
squat, and latissimus pull-down. The swim test included three different 30 second 
maximal-effort tethered swims, consisting of a whole-body, arms-only, and legs-only 
tests. The study measured tethered swims in Newtons of force. The subjects also 
performed a maximal effort 50-meter freestyle on the second day of testing. The study 
analyzed the data using Spearman correlation coefficients. The results showed significant 
relationships between work in the CMJ and average swimming force during whole-body 
and legs-only swimming (r = 0.75 and r = 0.76, p = 0.01, respectively). Maximal 
propulsive power during the squat showed significant relationships with swimming force 
during whole-body, arms-only, and legs-only swimming (r = 0.73, p = 0.02; r = 0.60, p = 
0.07; r = 0.64, p = 0.04, respectively). Maximal propulsive power during the bench press 
showed significant relationships with swimming force during whole-body, arms-only, 
and 50-meter freestyle velocity (r = 0.65, p = 0.04; r = 0.73, p = 0.02; r = 0.60, p = 0.07, 
respectively). Maximal propulsive power during latissimus pull-down showed significant 
relationships with swimming force during whole-body, arms-only, and 50-meter freestyle 
velocity (r = 0.65, p = 0.04; r = 0.69, p = 0.03; r = 0.68, p = 0.03, respectively). The 
authors concluded that maximal propulsive power during the latissimus pull-down is the 
most related dryland test to swimming performance.  
Hawley et al. (1992) used a correlational study to design to investigate the 
relationship between lower and upper body power with swimming in 12 male and ten 
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female subjects. The average age of the male subjects was 13.6 years (SD = 1.2) and the 
average age of the female subjects was 13.2 years (SD = 1.9). The dryland test included a 
Wingate Anaerobic Test for the lower body and a maximal sustained power output test 
for the upper body. The swim testing included a 50-meter and 400-meter freestyle test. 
The study analyzed the data using Pearson product moment correlations and multiple 
linear regression analyses. The results showed significant relationships between mean 
power of the arms (r = 0.63, p < 0.01) and legs (r = 0.76, p < 0.001) with 50-meter 
freestyle swim performance. The results also showed a significant relationship between 
peak sustained workload of the upper body and 400-meter freestyle swim performance (p 
< 0.001). The authors concluded that significant relationships exist between laboratory 
measures of muscle power and swimming performance in the 50-meter and 400-meter 
freestyle.  
Sharp et al. (1982) used a correlational study design to investigate the relationship 
between upper body power and 22.86-meter freestyle performance in 18 males and 22 
females. The average age of the male subjects was 15.83 years (SD = 0.39) and the 
average age of the female subjects was 14.73 years (SD = 0.33) The study measured 
maximal arm power and fatigability on a Biokinetic Swim Bench. Data were analyzed 
using correlation analysis. The results showed a high correlation between arm power and 
22.86-meter freestyle velocity (r = 0.90).  The results showed no statistically significant 
correlation between fatigability on the Biokinetic Swim Bench (r = 0.01) and 22.86-meter 
freestyle velocity and. The authors concluded that arm power, as defined in the study, 
might be useful as an objective assessment for successful sprint swimming performance.  
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This section reviewed 11 studies with varied study designs and subjects to test the 
effects of dryland strength on swimming performance. Overall the studies, showed 
positive relationships between dryland strength and swimming performance. Most 
showed positive relationships in dryland strength parameters that were similar to the 
swimming performance tested, therefore highlighting the importance of specificity 
between dryland strength training and swimming performance.  
Summary  
Studies have shown the importance of measuring and training physical 
performance measures on land to elicit successful swimming performance. Studying the 
relationships between multiple physical performance measures allows coaches and 
athletes to dedicate their training time on variables that impact positively on swimming 
performance. Studies also have studied absolute upper body strength and lower body 
power in swimmers. However, no studies evaluated the combined association of upper-
body strength and lower-body power on sprint swimming performance in collegiate 
Division 1 level swimmers.  
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Chapter 3 
METHODS  
Introduction 
This chapter describes the subject characteristics, study design, description of 
activities, test procedures, methods to protect subjects from harm, data management, and 
data analysis.  
Subjects  
 The study recruited members of the Arizona State University (ASU) Swimming 
Team from the 2017-2018 season. The target sample consisted of 15 healthy men and 15 
healthy women aged 18- to 25 years. The inclusion criteria consisted of (a) no current 
injury that prohibits them from swimming or performing strength training activities, and 
(b) the swimmers must have had at least six months of strength training experience. The 
exclusion criteria consisted of (a) listed as a breaststroke specialist on the team’s website, 
(b) failure to answer “no” to all questions listed on the Physical Activity Readiness 
Questionnaire (PAR-Q) (Appendix C), and (c) current injuries exacerbated during the 
testing activities as determined by a health history screening form (Appendix D). Prior to 
enrollment in the study, subjects read and completed an informed consent (Appendix A) 
approved by the ASU Office of Research and Integrity. The study recruited subjects 
through a private social media group page using a recruitment brochure (Appendix B). 
The subjects received an incentive ($15 Visa gift card) after the completion of all testing 
activities.   
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Study Design and Overview of the Study Tests  
 The purpose of the study was to determine the relationship between physical 
performance measures on land (dryland testing) consisting of a one-repetition-maximum 
(1-RM) weighted pull-up, NCMJ height, and back squat barbell velocity with sprint 
swimming ability (50-yard freestyle). Using a correlational study design, subjects 
completed one study visit lasting approximately two-to-three hours. The study tested 
subjects in three groups after the completion of their collegiate swim seasons. Each group 
included 2-10 subjects.  
Description of the Dryland Test Activities. The subjects completed the 
following three tests to identify lower-body power and upper-body strength used during 
swimming performance. A description of the tests is located in the procedures section.  
1-RM weighted pull-up.  The 1-RM weighted pull-up tests upper-body vertical 
pulling strength. Vertical pulling is a movement that involves moving the upper-arm 
closer to the torso in the frontal and sagittal plane. Upper-body pulling is a predominant 
movement used during swimming. Theoretically, the greater weight one is able to pull up, 
the better the swimming performance. To complete the test, subjects wore a belt to 
suspend weight-training plates in kilograms from the waist. The subjects began the test 
by hanging from a bar with their hands while wearing the maximum weight possible with 
their elbows completely extended. The test was complete when the subject’s chin reached 
above the pull-up bar. The test was incomplete if the subject generated momentum with 
the legs, torso, or neck to complete the pull-up. Figure 1 presents an illustration of the 
exercise.  
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Figure 1. 1-RM Weighted Pull-up 
Non-countermovement jump.  The NCMJ tests lower body power. Because the 
sport of swimming contains no plyometric movements, the study used a NCMJ instead of 
a traditional CMJ, to remove the plyometric response. When a muscle stretches rapidly, a 
plyometric response occurs, forcing the muscle to contract rapidly. Theoretically, the 
higher one is able to jump vertically, the better the swimming start off the block. To 
complete the jump, subjects’ placed their arms akimbo by placing their hands on their 
hips. The subjects’ descended to a self-selected depth and paused for one second before 
initiating the concentric phase of the jump. A jump mat placed under the subjects’ feet 
measured vertical jump height in inches. The jump mat converted the subject’s in-flight 
time into inches. Figure 2 presents an illustration of the exercise.  
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Figure 2. Non-Countermovement Jump 
Back squat barbell velocity. Explosive hip and knee extension is required in 
swimming during the start from the blocks and during the push-off after a flip turn. The 
squat velocity measures the rate of force development during hip and knee extension. 
Theoretically, the faster the rate of force development in the lower limbs, the better the 
swimming start and push-off after a flip turn. To complete the test, subjects performed 
the barbell back squat. The weight of the barbell was determined by using half of the 
subjects’ BW in pounds. The subjects descended to a standardized depth and ascended as 
fast as possible. Figure 3 presents an illustration of the exercise. 
 
Figure 3. Back Squat 
 Randomization of Dryland Testing Activities. A randomization schedule for 
the dryland testing randomly assigned the subjects a testing order, as presented in Table 1.  
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Description of the Swim Test. The study utilized a 50-yard freestyle swim to test 
sprint swimming ability. The test took place in a 25-yard pool. The subjects dove into the 
pool from a Kiefer Freestyle Starting Block (Kiefer, IL, USA) and swam as fast as 
possible. The study randomly assigned subjects a testing order for their first and second 
trial.  
Procedures  
  The study activities took place on the ASU Tempe campus and lasted 
approximately two-to-three hours. The subjects reported to the Mona Plummer Aquatic 
Center in their swimwear for pool testing and to the Ed and Nadine Carson Student-
Athlete Center for dryland testing. The study procedures operated in the following order:  
 Informed Consent. The subjects read and completed an informed consent 
(Appendix A) form developed for this study. All participation was voluntary. The study 
allowed subjects to withdraw from the study at any time without prejudice to their status 
on the ASU swim team. The informed consent explained the study purpose, purpose and 
explanation of the tests, subject risks and discomfort, steps taken to minimize the risks 
Table 1       
Order of Dryland Testing Sequences   
Sequence Test 1 Test 2 Test 3 
1 Squat Jump Pull-up 
2 Jump  Pull-up Squat 
3 Pull-up Squat Jump 
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and discomfort, responsibilities of the subject, benefits to be expected, and information 
about inquiries and confidentiality. 
 PAR-Q and Health History Screening. The subjects read and completed the 
PAR-Q (Appendix C) and a health-history screening form (Appendix D) developed for 
the study. The PAR-Q determined the subjects’ readiness for exercise by identifying any 
adverse health conditions. The health-history screening form determined the subjects’ 
readiness for the swimming, 1-RM pull-up, NCMJ, and back squat barbell velocity tests 
and ruled out any injuries that may worsen with these activities.  
Protection of Subjects from Injury and/or Harm. The study excluded subjects 
from participation in the study if they answered “yes” to any questions listed on the PAR-
Q or health-history screening form or until they received a physician’s approval. A 
Certified Strength and Conditioning Specialist and paid lifeguards on staff at the Mona 
Plummer Aquatic Center monitored the subjects at all times.  
Demographic and Swim Training Data. The subjects read and completed a 
demographic and swim training questionnaire (Appendix E) developed for the study. The 
questionnaire identified the subjects’ age in years, gender, academic, and athletic year. 
The questions for swimming experience included stroke and distance specialty, average 
frequency of training in sessions per week, average meters swam in a usual practice 
session in meters per practice, and age they began competitive swimming. The questions 
for dryland training experience included number of years participating in dryland 
activities, frequency of pull-ups, squats, and jumping exercises performed in days per 
week, and estimated 1-RM for a weighted pull-up in kilograms. A Weight Watchers 
Digital Glass Scale (Model WW401GD, Conair Corporation, CT, USA) measured the 
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subjects’ BW in kilograms. A tape measure attached to a wall measured the subjects’ 
height in centimeters. 
Swim Testing. The subjects began the swim testing session with a warm-up 
consisting of a 500-yard freestyle swim at their own pace followed by 4 x 25-yard swims 
consisting of 12.5-yards of maximum speed and 12.5-yards of slow swimming. The 
subjects rested 30 seconds between each 25-yard swim. The warm-up ended with 
subjects taking one practice start off the starting blocks. The warm-up took 
approximately 15-minutes. To measure the swim performance, subjects completed two 
50-yard sprint performances from the starting blocks. The study timed each swim test 
using a Daktronic timing system (SD, USA). Following each sprint swim, subjects 
completed a recovery swim of 300-yards at their own pace. The subjects did not wear a 
textile fabric-racing suit used in competition. Instead, they wore a swimsuit worn during 
their daily swim training that did not extend beyond the hip flexor region. A research 
assistant recorded each swim time from the timing system onto a paper data collection 
form developed for this study. The study used the fastest score of the two attempts for 
data analysis. The swim testing lasted approximately 30 minutes per group of 
approximately 2-10 subjects.  
Dryland Testing. Following the swim testing, subjects reported to the dryland 
testing center. The subjects performed the three-dryland tests in a randomized circuit 
order (see Table 1). Based on the randomization schedule, subjects reported to their first 
testing station to receive instructions on how to perform the practice repetition and 
complete the test. Following each test, subjects reported to their next test session for a 
similar procedure until they complete all three tests. The subjects completed a two-
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minute rest period between each test monitored by the research assistants. Prior to testing 
at each station, the research assistants described each test to the subjects. The subjects 
completed two practice repetitions before testing the NCMJ and the back squat barbell 
velocity test. A research assistant administered a rest period of 30 seconds between each 
practice repetition. The dryland testing lasted approximately one hour.  
One-repetition-maximum weighted pull-up. The subjects completed a warm-up 
using a latissimus pull-down machine (Power-Lift, Iowa, USA) consisting of five 
repetitions at 80% of their BW and one repetition at 100% of their BW. The subjects also 
performed one pull-up with their BW only. The subjects started the 1-RM weighted pull-
up test at 80% of their self-estimated maximum-weighted 1-RM as identified on the 
demographic and swim training questionnaire (Appendix E). To complete the 1-RM 
weighted pull-up test, the subjects incrementally increased the weight by approximately 
2.5 kilograms for women and approximately 5 kilograms for men until they were no 
longer able to perform a pull-up as instructed. A research assistant administered a one-
minute rest period between each attempt. After completion of the heaviest pull-up, the 
research assistant recorded the maximum weight in kilograms onto a paper data 
collection form developed for this study. To account for differences in BW between 
subjects, investigators a relative pull-up score for data analysis by using the formula: 
((BW + total weight pulled)/BW). 
Non-countermovement vertical jump. The subjects’ feet remained on the jump-
mat until initiation of the jump. The arms remained akimbo during the duration of the 
jump. The subjects descended to a self-selected depth by flexing their hips and knees 
(eccentric phase). Once they reached their self-selected depth, the subjects paused for one 
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second, before initiating the concentric phase of the jump. A research assistant counted 
aloud a one-second-pause when the subject reached their self-selected depth. The subjects 
jumped off the ground after the one-second-pause. The hip and knees remained extended, 
during the duration of the flight phase. A Just Jump System Jump-Mat (Perform Better, 
RI, USA) placed under the subjects’ feet measured the vertical jump height in inches. A 
research assistant recorded each attempt onto a paper data collection form developed for 
this study. The research assistant administered a one-minute rest period between each 
attempt. The investigators converted to centimeters for data analysis. The study used the 
highest score of the two attempts for data analysis. 
Back squat barbell velocity. The subjects were required to descend in the squat 
until their hip crease reached below the top of their knee. The depth of the squat was 
predetermined with an elastic rope placed in the frontal plane approximately 60 
centimeters off the ground behind the subject. The subjects were required to touch the 
rope with their buttocks to ensure a standardized squat depth. A Tendo Power Analyzer 
(Tendo Sports Machines, Trencin, Slovak Republic) was attached to the barbell to 
measure barbell velocity in meters per second. A research assistant recorded each attempt 
onto a paper data collection form developed for this study. The research assistant 
administered a one-minute rest period between each attempt. A Tendo Power Analyzer 
(Tendo Sports Machines, Trencin, Slovak Republic) recorded the average concentric 
barbell velocity in meters per second. The study used the fastest score of the two attempts 
for data analysis. 
Data Management  
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All data were recorded onto a paper document developed for the study and 
entered into a password-protected computer. In order to maintain confidentiality, the 
study de-identified the data by the use of an ID number and the master list linking the 
name to ID number that was stored separate from the data. The documents were stored in 
a locked file box during transit from the data collection facilities to the lead investigators 
office where they were stored in a locked cabinet. Only the lead investigator and co-
investigator have access to the documents. The signed consents were stored away from 
the data in a separate locked cabinet. The data will be stored for one year. 
Data Analysis 
Data distributions were normalized by creating Z-scores for each variable 
measured and the sum of the three-dryland tests. Pearson product-moment correlation 
analysis was used to analyze the bivariate correlations between the Z-scores of the 
dryland measures and the Z-score of the 50-yard freestyle swimming time in seconds. 
Correlations were computed by sex (males, females) and for the combined sample. All 
descriptive statistics were averaged using means and standard deviation. Statistical 
analysis was performed using SPSS (Statistical Package for the Social Sciences, Version 
24, IBM Corporation, NY, USA)  
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Chapter 4 
RESULTS 
The purpose of this study was to investigate the relationship between strength and 
power measures with sprint freestyle swim performance in Division 1 collegiate 
swimmers. The study sample was recruited from the Arizona State University men’s and 
women’s swimming team from the 2017-2018 season. Eight men and ten women 
volunteered for the study and all subjects fit the inclusion and exclusion criteria. All 18 
subjects completed each test.  
The subject demographic data for swimming are presented in Table 2. Males and 
females were similar in age, years in competitive swimming, years performing dryland 
activities, and average meters swam in the previous six months. As compared with 
females, males weighed more, were taller, and performed more days of pull-ups, jumping 
exercises, and back squats per week.  
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Table 2    
Subject Demographics     
 Males (N=8) Female (N=10) All (N=18) 
 MEAN  SD MEAN SD MEAN SD 
Age (years) 20.1  2.2 19.4  1.3 19.7  1.7 
Height (cm) 185.4   7.2 170.3  7.4 177.0  10.5 
Weight (kg) 80.8   8.1 65.0  6.9 72.0  10.8 
Years in competitive 
swimming 
12.7  3.9 12.1  2.1 12.4  2.1 
Years performing dryland 
activities 
7.0  2.7 5.5  2.4 6.1  2.6 
Average meters swam in 
previous 6 months  
5875.0   834.5 6500.0  849.8 6222.2  878.2 
Frequency of pull-ups 
performed in last 6 
months (days/week) 
3.0   0.5 1.5  0.7 2.2 1.0 
Frequency of jumping 
exercises performed in 
last 6 months (days/week) 
2.5  1.7 1.4  0.7 1.9  1.3 
Frequency of barbell back 
squat performed in last 6 
months (days/week) 
1.6  0.9 1.0 0.0 1.3  0.7 
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The subject characteristics for swimming experience are presented in Table 3. 
Most swimmers were 182.88-meter and freestyle specialists. The sample was primarily 
freshman and most participated in nine swim practice sessions per week.   
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Table 3    
Subject Characteristics for Swimming Experience 
 Males (N=8) Female (N=10) All (N=18) 
 N % N % N % 
Distance Specialty (meters)       
45.72  4  50 4  40 8  44.4 
91.44  5  62.5 3  30 8  44.4 
182.88  2  25 7  70 10  55.6 
457.20  2  25 6  60 8  44.4 
1508.76 2  25 4  40 6  33.3 
Stroke Specialty        
Butterfly 1  12.5 3  30 4  22.2 
Backstroke  2  25 2  20 4  22.2 
Freestyle  6  75 9  90 15  83.3 
Individual medley 2  25 2  20 4  22.2 
University Enrollment Status        
Freshman  3  37.5 5 50 8  44.4 
Sophomore 3   37.5 3   30 6 33.3 
Junior 0  0 2  20 2  11.1 
Senior 0  0 0  0 0  0 
Graduate  2  25 0 0 2  11.1 
Swim Training Sessions/Week 
8  0 0 1 10 1  5.6 
9  7   87.5 8  80 15  83.3 
10 1  12.5 0  0 1  5.6 
10+ 0  0 1  10 1  5.6 
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 The swim and dryland performance scores are presented in Table 4. As compared 
with females, males had faster swim times, higher relative pull-up scores, jumped higher, 
and had faster back squat velocities. 
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Table 4    
Swim and Dryland Performance Scores  
 Males (N=8) Female (N=10) All (N=18) 
 MEAN  SD MEAN SD MEAN SD 
50-yard freestyle time 
(seconds) 
21.6  0.8 24.8  0.8 23.4 1.8 
NCMJ Height (cm) 53.0   4.0 41.2 7.0 46.5  8.3 
Relative Pull-up Score 
((BW+Weight 
Pulled)/BW) 
1.3   0.1 0.9  0.5 1.1  0.4 
Back Squat Velocity 
(meters/second) 
1.1  0.1 0.9  0.1 0.97  0.2 
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The graphical depiction of the correlations between dryland strength and power 
measures with sprint freestyle performance for male subjects is presented in Figure 4. 
The correlations between each individual dryland test and the 45.72-meter freestyle time 
ranged from r = -0.54 to r = -0.64. The only significant correlation observed was between 
the sum of the three-dryland performance Z-scores and the 45.72-meter freestyle time Z-
scores (p < 0.05). The remaining correlations were not significant (p > 0.05). 
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Figure 4. The Pearson correlation coefficients between the Z-score of the dryland scores and the Z-score of the 45.72-meter 
freestyle time in male subjects. * p < 0.05 
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The graphical depiction of the correlations between strength and power measures with 
sprint freestyle performance for female subjects is presented in Figure 5. The correlations 
between each individual dryland test and 45.72-meter freestyle time ranged from r = -0.66 to r = 
-0.75. Correlations were significant correlations for the NCMJ height, back squat velocity, 
relative pull-up scores, and Z-scores of the sum of the three-dryland performances with the 
45.72-meter freestyle time Z-scores (p < 0.05).  
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Figure 5. The Pearson correlation coefficients between the Z-score of the dryland scores and the Z-score of the 45.72-meter 
freestyle time in female swimmers. * p < 0.05. ** p < 0.01 
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 The graphical depiction of the correlations between the strength and power measures with 
the sprint freestyle performance in all subjects combined is presented in Figure 6. The 
correlations between each individual dryland test and 45.72-meter freestyle time ranged from r = 
-0.61 to r = -0.66. Correlations were significant correlations for the NCMJ height, back squat 
velocity, relative pull-up scores, and Z-scores of the sum of the three-dryland performances with 
the 45.72-meter freestyle time Z-scores (p < 0.05).  
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Figure 6. The Pearson correlation coefficients between the Z-score of the dryland scores and the Z-score of the 45.72-meter 
freestyle time in all swimmers. ** p < 0.01
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Chapter 5  
DISCUSSION 
 This study investigated the relationship between strength and power measures 
with 45.72-meter freestyle swimming performance. The present study found significant 
relationships between the Z-score of the sum of the dryland performances and swimming 
performance for both genders and combined as a single sample. The present study also 
found significant bivariate correlations between each individual dryland test and 
swimming performance for females (r = -0.66 to -0.75, p < 0.05), but no significant 
correlations for males (r = -0.54 to -0.64, p > 0.05). It is possible, that the male results did 
not reach significance due to the low sample size (N = 8).    
 The significant correlation between the Z-score of the sum of the dryland 
performances and swimming performance in both genders may highlight the importance 
of possessing both strength and power characteristics to be successful in sprint swimming. 
These findings are similar to the results of Keiner et al. (2015), who found significant 
correlations between maximal strength measures in the upper-body, lower-body, and 
trunk muscles with sprint swimming performance in different strokes (r = -0.26 to -0.86) 
and significant correlations between NCMJ and CMJ heights with sprint swimming 
performance in different strokes (r = -0.36 to r = -0.94). 
Males, females, and the combined sample showed the lowest correlation between 
pull-up score and swimming performance. It is possible that maximal upper-body pulling 
strength is not as important as other strength and power measures due to the properties of 
water. In an aquatic environment, water resistance increases as velocity of the body 
relative to the water increases (Zatsiorsky and Kraemer, 2006). During a typical 
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swimming stroke, the muscle does not produce maximal force (Zatsiorsky and Kraemer, 
2006), therefore a higher level of maximal strength may not be an asset to swimming 
performance as there is an optimum range. Because the correlation between the relative 
pull-up score and swimming performance for male subjects was not significant, training 
faster velocities during pull-ups may play a critical factor in improving swimming 
performance (Pérez-Olea et al., 2017). Pérez-Olea et al. (2017) found the velocity of a 
BW pull-up to be a good predictor of sprint swimming performance. Additionally, 
Morouço et al. (2011) found the maximal propulsive power during the latissimus pull-
down to be associated with 50-meter freestyle velocity (r = 0.68), which suggests the 
importance of both force production and velocity during upper-body pulling movements. 
For swimmers, once a baseline of maximal strength is established, training power 
characteristics may become more important than training strength characteristics for 
swimming performance. The discrepancy in maximal upper body strength between the 
male and female subjects may explain why the pull-up score reached significance for the 
female subjects and not for the male subjects. It is possible that the male subjects reached 
baseline strength levels that did not additionally maximize swimming performance, while 
the female subjects had not yet reached their maximal strength range. The gender 
differences in pull-up scores from this study also illustrate the importance of working on 
the technical and physiological aspects of the swimming stroke, once one reaches certain 
levels of strength. Further research will clarify the relationship between maximal pull-up 
strength and BW pull-up velocity with swimming performance to identify optimal 
training objectives for swimmers.  
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 The correlation between the NCMJ height and swimming performance for the 
combined genders is in agreement with Keiner et al. (2015) who found the NCMJ to be 
correlated with 50-meter swimming performance (r = -0.82), males and females with an 
average age of 17.5 years (SD = 2.0). A higher NCMJ height may contribute to improved 
start performance as seen in García-Ramos et al. (2015) and García-Ramos et al. (2016) 
and with improved turn performance as seen in Cronin et al. (2007).  
The lack of relationship between the lower body measures and swimming 
performance in male subjects is surprising considering the start (0-15m) makes up 
approximately 30% of a 50-meter swim (Bishop et al., 2013). In contrast, West et al. 
(2011) found significant relationships between CMJ height and 15-meter swimming start 
times (r = -0.69) in male subjects with a similar age (M = 21.3, SD = 1.7). The lack of 
relationship between the NCMJ and swimming performance in male subjects is similar to 
the results of Garrido et al. (2010), who found no significant relationships between CMJ 
and 50-meter freestyle performance in young national-level swimmers with an average 
age of 12.0 years (SD = 0.56). This null relationship may be due to the lack of transfer of 
lower-body power to skillful movements, such as the start and turn. It is also possible that 
the male subjects in the present study already possessed sufficient strength and power on 
land that did not further improve swimming performance and they may benefit more 
from swimming-specific training. 
Interestingly, the female subjects exhibited significantly slower back squat 
velocities than male subjects (p < 0.05). These results were unexpected because a load 
relative to the BW was utilized for the back squat velocity test and gender differences in 
relative lower body strength has been observed to be minimal in trained swimmers 
    
 
51
(Cureton & Collins, 2007). It is also possible that the male subjects in the current study 
possessed greater leg strength due to their training experience. Researchers have observed 
squatting strength to be higher in athletes with greater strength training experience 
(Izquierdo, Häkkinen, Gonzalez-Badillo, Ibáñez, & Gorostiaga, 2002). Although not 
statistically significant, the male subjects in this study reported higher mean values than 
females in years of performing dryland activities and the frequency of jumping exercises 
and back squats performed per week. Additionally, 50% of the female subjects were 
freshman, while only 37.5% of male subjects were freshman. This may have influenced 
the results, as swimmers typically do not begin strength training until their first year of 
collegiate swimming. The greater training experience in male subjects may have 
influenced the results of this study.  
The significant relationship between the NCMJ height and back squat velocity 
with swimming performance in female subjects are similar to the results of García-Ramos 
et al. (2016). García-Ramos et al. (2016) found significant correlations between the bar 
velocity during a NCMJ on a Smith machine with additional resistance equivalent to 25-, 
50-, 75-, and 100% of their BW and parameters of the NMCJ with swimming start 
performances (5-, 10-, 15-meters) in 20 female swimmers. In the present study, it is 
possible that the female subjects with higher jump heights and faster back squat velocities 
also displayed faster swim performances due to faster swimming starts.  
For swimmers new to strength training or lacking in strength, training strength 
characteristics instead of power, could be beneficial for improving swimming 
performance. Garrido et al. (2010) studied 28 young national-level swimmers with an 
average age of 12.0 years (SD = 0.56) with no strength training experience and observed 
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a significant, inverse relationship between leg strength and 25-meter and 50-meter 
freestyle swimming performance. They did not observe a similar relationship for the 
CMJ. Keiner et al. (2015), studied 21 regional level swimmers with an average age of 
17.5 years (SD = 2.0) with little strength training experience and observed significant  
inverse relationships between maximal strength with sprint swimming performance in 
different strokes and between NCMJ and CMJ heights with sprint swimming 
performance in different strokes. Collectively, the results of the present study, Garrido et 
al. (2010), and Keiner et al. (2015) may explain the importance of training strength 
characteristics in youth swimmers with no strength training experience, training strength 
and power characteristics in teenage swimmers (age 17-19 years) with little strength 
training experience, and training power characteristics in swimmers with high levels of 
strength training experience.   
Study Limitations 
 This study had four limitations that may have influenced the results. First, the 
small sample size may have caused a type 2 error in the male subjects (N = 8) that 
obscured significant relationships. Second, the study characteristics differed between 
male subjects and female subjects. The male subjects reported having more dryland 
training experience than the females. Additionally, 25% of male subjects were 457.2-
meter specialists, while 60% of female subjects were 457.2-meter specialists. Short- and 
long distance swimmers have different muscle fiber type compositions and leg strength 
and power values (Gerard, Caiozzo, Rubin, Prietto, & Davidson, 1986) which may have 
influenced the results. Third, the study sample consisted of only one swim team. 
Additional studies should attempt to reproduce the results in teams with different training 
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methodologies and swim skills. Fourth, there were two outliers in the female’s 1-RM 
weighted pull-up test. Two female subjects were unable to do a weighted pull-up, thus 
giving them a score of 0 kilograms. This may have influenced the correlation between 
relative pull-up score and swimming performance in female subjects. Future studies 
should investigate the relationship between strength and power measures with swimming 
performance in larger samples with varied strength and swimming abilities.   
Practical Application 
Statistically significant, inverse relationships between three measures of strength 
and power and sprint swimming performance were observed in females but not males. A 
combination of the three strength and power measures were inversely related with sprint 
swimming performances in males and females. This suggests that possessing both upper-
body strength and lower-body power might be important for successful sprint swimming 
performance, especially in females. To enhance performance coaches should monitor 
their swimmers’ strength and power characteristics carefully to optimize the swimmers 
performance. Once optimal strength and power characteristics are developed, swimming 
specific training should become the priority over dryland training. In conclusion, further 
research can establish optimal strength and power value norms for swimmers. Coaches 
also should assess swimmers individually and develop training program based on their 
specific strength and power characteristics.  
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APPENDIX A  
INFORMED CONSENT FORM  
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APPENDIX B  
RECRUITMENT FORM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
63
 
 
 
 
 
 
  
    
 
64
APPENDIX C 
PHYSICAL ACTIVITY READINESS QUESTIONNAIRE 
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APPENDIX D 
HEALTH HISTORY SCREENING FORM  
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APPENDIX E  
DEMOGRAPHIC AND SWIM TRAINING QUESTIONNAIRE 
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APPENDIX F  
DATA COLLECTION FORM  
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APPENDIX G 
PERMISSION TO USE THE MONA PLUMMER AQUATIC CENTER 
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APPENDIX H  
PERMISSION TO USE THE ED AND NADINE CARSON 
 STUDENT-ATHLETE CENTER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
80
 
  
    
 
81
APPENDIX I 
BIOSCIENCE HRP-503B FORM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
82
 
    
 
83
 
    
 
84
 
 
    
 
85
 
    
 
86
 
    
 
87
 
    
 
88
 
 
 
 
 
 
  
    
 
89
APPENDIX J 
PROCEDURES INVOLVED FROM BIOSCIENCE HRP-503B 
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